Abstract-A 3D printed antenna design technique is presented to be used for electromagnetic interference source finding on the MeerKAT site. The antennas are built with a polylactic acid plastic and are coated with conductive paint. Simulation and measurements are correlated for our conical based antennas. An extruded bi-conical configuration is promising for bandwidth extension to low frequency range.
INTRODUCTION
The MeerKAT (Karoo Array Telescope) telescope will be the most sensitive radio-astronomy instrument in the world before the completion of the full SKA (Square Kilometre Array) interferometer. Due to the extreme sensitivity of the system, radio-frequency interference mitigation is crucial for the success of the project. The presence of unwanted electromagnetic sources on site not only interferes with the signal from above, but also damages the receivers. A real-time interference monitoring system, which is able to find the source location, is required for electromagnetic compatibility reasons.
Omni-directional wideband antennas are best suited for our purpose. Here, two 3D printed antenna designs are presented with low-cost manufacturing in mind. Each antenna is printed using a polylactic acid (PLA) plastic. Both are afterwards coated with a carbon based conductive black paint, HSF55, as shown in Fig. 1 .
II. 3D PRINTING TECHNIQUE FOR ANTENNA DESIGN
Recently, the process of making objects and shapes has become less complex using 3D printing machines. The technique permits a low-cost design using plastic materials. Additionally, it allows a precise replication of the model as drawn on the computer. The antenna is designed and drawn in FEKO for simulation of its reflection coefficient and far-field directivity patterns. Thereafter, the FEKO model is exported into an STL (Stereo Lithography) file, printed with our Prusa i3 3D printer (Fig. 2) , painted and assembled for measurement. Two conical-shape antennas are investigated as shown in Fig.  1 . The angle between the cone above a ground-plane and between the cones of the bi-cone configuration is equal to 41 degree. The value has been found optimal for good matching over a large bandwidth.
III. ANTENNA PARAMETERS CHARACTERISATION
Each antenna is coated with a carbon based conductive paint, HSF55, and is placed in our anechoic chamber for farfield directivity pattern characterisation. A spherical near-field scan is performed on each antenna inside our anechoic chamber, from which the far-field data is derived. Fig. 3 shows the measured reflection coefficient of both antennas while Fig.1a . For the bicone, however, the bandwidth reaches a value of 34:1 (770 MHz to 26.5 GHz). As far as the far-field directivity pattern is concerned, the measurement correlates with the FEKO simulation. This can be seen in Fig. 4 for the cone above the ground-plane configuration and in Fig. 5 for the bi-cone antenna. The dashed-line represents the simulation while the remaining curves correspond to the measured directivity for different phi values, confirming the omni-pattern. The radiation efficiency of both antennas has also been measured using a reverberation chamber technique [1] and are shown in Fig. 6 . 
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